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Description 

[0001] The present invention relates to a catheter tube used for a blood vessel catheter, for instance and a method of 
manufacturing the catheter tube. 
5 [0002] Generally, in performing selective angiography or vasodilation, various catheters such as an angiography cath- 
eter. a guiding catheter or a balloon catheter or the like are used. In these catheters, It is usually required to have such 
an excellent manipulatability that can be selectively inserted into a blood vessel system of complicated pattern quickly 
and securely 

[0003] In more detail, the above-mentioned manipulatability of the catheter includes pushing characteristics, torque 
10 transmission characteristics, follow-up characteristics and kink-resistant characteristics. The pushing characteristics 
means that when the catheter is pushed into a blood vessel by an operator, a pushing force of the operator can be 
securely transmitted from the base end side to the tip side of the catheter. The torque transmission characteristics mean 
that a rotative force applied to the base end side of the catheter can be securely transmitted to the tip side thereof. The 
follow-up characteristics mean that when the catheter is inserted into a curved blood vessel, the catheter can travel 
IS smoothly along a guide wire going ahead without injuring the inner wall of the blood vessel (hereinafter, referred to as 
"follow-up to the guide wire" or sinply "follow-up") The Wnk-resistant characteristics mean that when the catheter is 
extracted after having reached at a destination, the catheter will not be bent at a curved or bent position of the blood 
vessel. 

[0004] In order to improve the pushing and transmission characteristics, it is so far known that the catheter tube 
20 excepting the tip portion thereof is preferably formed of a relatively hard material. Further, in order to improve the follow- 
up characteristics, it is so far known that the tip portion thereof is preferably formed of a relatively soft material. 
[0005] On the basis of these knowledges, Japanese Laid-open Patent Publication No. 59-1 56353 discloses a catheter 
tube in which a tubular base portion formed of nylon is fused Integrally into a tip portion formed of polyether-polyamide 
copolymer so as to provide an appropriate flexible tip portion of the catheter tube. In this catheter tube, however, since 
25 two different materials must be fused for connection, there is a problem in that the connected portion is easily broken 
off. Further, there is another problem in that a stepped portion is likely to be formed on the outer surface of the catheter 
tube, which results in that the inner wall of the blood vessel is likely to be injured when the catheter tube is being 
inserted thereinto. Furthermore, since the rigidity of the catheter tube changes abruptly at the connected portion, the 
connected portion is likely to be bent, so that the kink-resistant characteristics are deteriorated. In addition, there is a 
30 further problem in that a special manufacturing installation is required for fusing the polymers and a complicated man- 
ufacturing process is inevitably required. 

[0006] Further, Japanese Utility Model Publication No. 62-1 7082 discloses a catheter tube which comprises an outer 
tube and an inner tube inserted into the outer tube excepting the tip portion of the outer tube, in which the outer tube is 
formed of a silicone rubber and the inner tube is formed of a hard resin selected from the group consisting of polyeth- 
35 yiene. polypropylene, fluororesin and hard vinyl chloride resin. In the catheter tube as disclosed above, however, since 
a stepped portion which corresponds to the thickness of the inner tube is unavoidably formed within the inner hollow 
portion of the tube at the boundary part between the double-tubes portion (the main body portion 4) and the single-tube 
portion (the tip portion 3), the tube is likely to be broken off at this stepped portion, thus deteriorating the kink-resistant 
characteristics. 

40 [0007] Moreover, U.S. Patent No. 4,636,346 discloses a guiding catheter having a catheter tube which comprises a 
main portion having three-layers structure and a tip end portion having two-layers structure and extending toward the 
tip of the catheter from the main portion. The main portion is composed of an inner tube, an intermediate layer and an 
outer tube. The tip end portion is composed of an inner tube and an outer tube, but no intermediate layer is provided. 
In this catheter tube, however, since the main portion of three-tubes structure of this catheter has bending rigidity that 

45 is constant in the longitudinal direction thereof and the bending rigidity changes abruptly at the boundary part between 
the main portion and the tip portion having double-tubes structure due to the presence or absence of the intermediate 
layer. As a result, the tube is likely to be broken off at this boundary part, thus deteriorating the Wnk-resistant charac- 
teristics. 

[0008] Finally, EP-A-0358 1 1 7 discloses a catheter having a tubular member of composite structure including wraped 
so strands having inclination angles varying along the axis of the tubular member, so as to vary the stiffness of said mem- 
ber. The reinforcing strands however are provided from the tip portion to the end portion of the tubular member. 

SUMMARY OF THE INVENTION 

55 [0009] The object of the present invention is to provide a catheter tube excellent in manipulatability such as the push- 
ing, torque transmission, follow-up. kink-resistant characteristics, etc. 

[001 0] As claimed, the catheter tube of the invention has a longitudinal axis, a f irst end for attachment to a hub and a 
tip portion at an opposite end thereof. The catheter tube comprises: 
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Description 

[0001 ] The present invention relates to a catheter tube used for a blood vessel catheter, for instance and a method of 

manufacturing the catheter tube. 
5 [0002] Generally, in performing selective angiography or vasodilation, various catheters such as an angiography cath- 
eter, a guiding catheter or a balloon catheter or the like are used, in these catheters, it is usually required to have such 
an excellent manlpuiatability that can be selectively inserted into a blood vessel system of complicated pattern quickly 
and securely. 

[0003] In more detail, the above-mentioned manipulatability of the catheter includes pushing characteristics, torque 
10 transmission characteristics, follow-up characteristics and kink-resistant characteristics. The pushing characteristics 
means that when the catheter is pushed into a blood vessel by an operator, a pushing force of the operator can be 
securely transmitted from the base end side to the tip side of the catheter. The torque transmission characteristics mean 
that a rotative force applied to the base end side of the catheter can be securely transmitted to the lip side thereof. The 
follow-up characteristics mean that when the catheter Is inserted into a cun^ed blood vessel, the catheter can travel 
IS smoothly along a guide wire going ahead without injuring the inner wall of the blood vessel (hereinafter, referred to as 
"follow-up to the guide wire" or simply "follow-up") The kink-resistant characteristics mean that when the catheter is 
extracted after having reached at a destination, the catheter will not be bent at a curved or bent position of the blood 
vessel. 

[0004] In order to improve the pushing and transmission characteristics, it is so far known that the catheter tube 
20 excepting the tip portion thereof is preferably formed of a relatively hard material. Further, in order to improve the follow- 
up characteristics, it is so far known that the tip portion thereof is preferably formed of a relatively soft material. 
[0005] On the basis of these knowledges, Japanese Laid-open Patent Publication No. 59-1 56353 discloses a catheter 
tube In which a tubular base portion formed of nylon is fused integrally into a tip portion formed of polyether-polyamide 
copolymer so as to provide an appropriate flexible tip portion of the catheter tube. In this catheter tube, however, since 
25 two different materials must be fused for connection, there is a problem in that the connected portion is easily broken 
off. Further, there is another problem in that a stepped portion is likely to be formed on the outer surface of the catheter 
tube, which results in that the inner wall of the blood vessel is likely to be injured when the catheter tube is being 
inserted thereinto. Furthermore, since the rigidity of the catheter tube changes abruptly at the connected portion, the 
connected portion is likely to be bent, so that the kink-resistant characteristics are deteriorated. In addition, there is a 
30 further problem in that a special manufacturing installation is required for fusing the polymers and a complicated man- 
ufacturing process is inevitably required. 

[0006] Further, Japanese Utility Model Publication No. 62-1 7082 discloses a catheter tube which comprises an outer 
tube and an inner tube inserted into the outer tube excepting the tip portion of the outer tube, in which the outer tube is 
formed of a silicone rubber and the inner tube is formed of a hard resin selected from the group consisting of polyeth- 
35 yiene. polypropylene, fluororesin and hard vinyl chloride resin. In the catheter tube as disclosed above, however, since 
a stepped portion which corresponds to the thickness of the inner tube is unavoidably formed within the inner hollow 
portion of the tube at the boundary part between the double-tubes portion (the main body portion 4) and the single-tube 
portion (the tip portion 3), the tube is likely to be broken off at this stepped portion, thus deteriorating the Wnk-resistant 
characteristics. 

40 [0007] Moreover. U.S. Patent No. 4,636,346 discloses a guiding catiieter having a catiieter tube which comprises a 
main portion having three-layers structure and a tip end portion having two-layers structure and extending toward the 
tip of the catheter from the main portion. The main portion is composed of an inner tube, an intermediate layer and an 
outer tuba The tip end portion is composed of an inner tube and an outer tube, but no intermediate layer is provided. 
In this catheter tube, however, since the main portion of three-tubes sti-ucture of this catheter has bending rigidity that 

45 is constant in the longitudinal direction thereof and tiie bending rigidity changes abruptly at the boundary part between 
the main portion and tiie tip portion having double-tubes structure due to the presence or absence of the intermediate 
layer. As a result, the tube is likely to be broken off at this boundary part, thus deteriorating the Wnk-resistant charac- 
teristics. 

[0008] Finally. EP-A-0358 1 1 7 discloses a catheter having a tubular member of composite structure including wraped 
so strands having inclination angles varying along the axis of the tubular member, so as to vary the stiffness of said mem- 
ber. The reinforcing strands however are provided from the tip portion to the end portion of the tubular member. 

SUMMARY OF THE INVENTION 

55 [0009] The object of the present invention is to provide a catiieter tube excellent in manipulatability such as tiie push- 
ing, torque transmission, fbllow-up, Wnk-resistant characteristics, etc. 

[001 0] As claimed, the catheter tube of the Invention has a longitudinal axis, a first end for attachment to a hub and a 
tip portion at an opposite end thereof. The catiieter tube comprises: 
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a flexible inner tube, 

a flexible outer tube provided around said inner tube, and 

a reinforcing material layer arranged between said inner and outer tubes. 

5 [001 1 ] The reinforcing material layer has a front side thereof adjacent to said tip portion of the catheter tube, wherein 
said reinforcing material layer is formed by arranging at least one filamentous element in a lattice manner, the inclination 
angles of the filamentous element with respect to the axis of the catheter tube changing continuously or in a stepwise 
manner along the axial direction. According to the invention, the change of inclination angles of the filamentous element 
is made so as to form one section thereof located toward the tip portion in which the inclination angle is relatively large 

10 and another section thereof in which the inclination angle is relatively small, whereby bending rigidity of the catheter 
tube at said one section of said reinforcing material layer Is smaller in comparison with that of the catheter tube at said 
other section of said reinforcing material layer. 

[0012] The reinforcing material layer is arranged excepting said tip portion for imparting appropriate rigidity to the 
catheter tube. 

15 [001 3] Said one section of said reinforcing material layer is located at least at the front side of said reinforcing material 
layer. 

[0014] The thickness of said outer tube and or said inner tube decreases gradually toward the tip portion of said cath- 
eter tube near the tip portion of said reinforcing material layer. 

[001 5] The bending rigidity of the catheter tube is therefore continuously reduced toward said tip portion thereof. 

20 [001 6] Due to the presence of the filamentous element, a sufficient bending rigidity is obtained in a main part of the 
catheter tube which has three-tubs structure, thus improving the pushing and torque transmission characteristics. 
[001 7] When the inclination angle of the filamentous element is increased continuously toward the tip side of the cath- 
eter tube, the bending rigidity of the catheter tube also decreases continuously. Further, even when the respective incli- 
nation angle of the filamentous element is increased stepwise toward the tip side of the catheter tube, It is also possible 

25 to decrease the bending rigidity of the catheter tube substantially continuously, by increasing the number of stages of 
change in inclination angle or by making the change rate of the inclination angles relatively small. 
[001 8] As described above, since the bending rigidity of the catheter can be reduced continuously toward the tip side 
of the catheter tube, It is possible to realize an excellent follow-up and Wnk-resistant characteristics. 
[001 9] The reinforcing material layer may be formed of at least one filamentous element which is an'anged in a lattice 

30 manner in such a way that the respective intervals of the lattice points of the filamentous element along with the axial 
direction of the catheter tube are changed continuously or stepwise along the axial direction of the catheter tube so as 
to form one section thereof in which the respective interval between the lattice points of the filamentous element is rel- 
atively small and another section thereof in which the respective interval between the lattice points of the filamentous 
element is relatively large. As a result, the bending rigidity of the catheter tube at the one section of the reinforcing mate- 

35 rial layer is smaller than that of the catheter tube at the other section of the reinforcing material layer. 

[0020] According to the catheter tube of the present invention as stated in the above, since a sufficient rigidity of the 
catheter tube can be obtained by the reinforcing material layer, it is possible to obtain excellent pushing and torque 
transmission characteristics. In addition, by changing the inclination angles or the lattice point intervals of the filamen- 
tous element which constitutes the reinforcing material layer along the axial direction of the catheter body, the rigidity of 

40 the catheter can be changed well balanced at the respective portions of the catheter, in particular at the tip portion of 
the catheter. As a result, excellent follow-up to the guide wire characteristics as well as excellent kink-resistant charac- 
teristics can be obtained, in addition to the higher safety. 

[0021 1 Furthermore, the inner and outer tubes can be formed of the same material, or at least the outer tube Is formed 
of a soft material. 

45 [0022] As further claimed, the method of the present invention is directed toward manufacturing a catheter tube hav- 
ing a longitudinal axis, a first end for attachment to a hub and a tip portion at an opposite end thereof. The catheter tube 
is manufactured by forming a reinforcing material layer on an outer circumference of a flexible inner tube and then cov- 
ering said inner tube and said reinforcing material layer with a flexible outer tube in such a way that said reinforcing 
material layer is arranged between said Inner and outer tubes. The reinforcing material layer is formed by winding at 

so least one filamentous element supplied by a filamentous element supply device In helical manner around the outer cir- 
cumference of said inner tube. 

[0023] According to the invention, winding direction of the filamentous element is changed to form lattice points at 
which the filamentous element wound in two different directions is crossed each other, wherein a relative movement, 
speed and/or a relative rotational speed between said inner tube and the filamentous element supply device is changed 
55 so as to change the inclination angle of the filamentous element with respect to an axis of the catheter tube continuously 
or stepwise along the axial direction of the catheter tube, thereby forming one section thereof in which the inclination 
angle is relatively large and another section thereof in which the inclination angle is relatively small. 
[0024] The reinforcing material layer is formed so as to be an'anged excepting said tp portion for imparting appropri- 
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ate rigidity to the catheter tube. 

[00251 Said one section of said reinforcing material layer is formed so as to be located at least at a front side of said 
reinforcing material layer which Is adjacent to said tip portion of the catheter tube. 

[0026] Said inner and/or outer tubes are formed so that a thickness of said outer tube and/or said inner tube 
5 decreases gradually toward the tip portion of said catheter tube near the tip portion of said reinforcing material layer. 

C0027] The bending rigidity of the catheter tube is therefore continuously reduced toward said tip portion thereof. 

[0028] When the catheter tube according to the present invention Is manufactured, the inclination angles or the lattice 

point intervals of the filamentous element can be changed by appropriately adjusting the relative movement speed or 

the relative rotational speed between the inner tube and the filamentous element supply device, and in addition there is 
10 no restriction in materials for forming the inner and outer tubes from the physical standpoints. Therefore, it is possible 

to adjust the rigidity of the catheter at the respective portions freely and securely, thus allowing the catheter tube to be 

manufactured through an easy process and at a low cost. 

[0029] Other objects, features and advantages of the present invention will become apparent when the following 
detailed description of the preferred embodiment is taken in conjunction with the attached drawings. 

IS 

BRIFF PgSCRIPTIQN OF T HE DRAWINGS 
[0030] 

20 Fig. 1 is a plan view showing an exemplary structure of a catheter assembly including the catheter tube according 
to the present invention; 

Fig. 2 is an enlarged cross-sectional, partially broken view showing the formation of the reinforcing material layer 
of the catheter tube shown in Fig. 1 ; 

Fig. 3 is a perspective view showing the formation of the reinforcing material layer of the catheter tube shown in Fig. 
25 ^: 

Fig. 4 is a perspective view showing the formation of the reinforcing material layer of the catheter tube shown in Fig. 
1: 

Fig. 5 is a plan view showing another exemplary structure of the catheter tube according to the present invention; 
and 

30 Fig. 6 is a front view showing a condition in which a test is conducted on the embodiment of the catheter tube of 
the present invention by using a jig. 

DETAILED DESCRIPTION 

35 [0031] The catheter tube of the present invention will be described in detail herelnbelow on the basis of following 
embodiment with reference to the attached drawings. 

[0032] Fig. 1 is a plane view showing the whole construction of a catheter assembly 1 including the catheter tube 
according to the present invention, which is constructed as a blood vessel catheter. Fig. 2 shows an enlarged cross- 
sectional view taken along a line near the tip portion of the catheter tube shown in Fig. 1 . Further, in Fig. 2, the catheter 
40 tube Is shown as a model view by enlarging only the radial direction of the tube, to facilitate understanding of the tube 
structure. 

[0033] The catheter assembly 1 shown in Fig. 1 is composed of a catheter tube 2, and a hub 7 attached to a base 
end 21 of the catheter tube 2. The catheter tube 2 is formed with a lumen3 extending from the base end 21 to the tip 23 
thereof. The lumen 3 serves as a flow path through which a medical liquid or the like is passed. Further, when the cath- 
45 eter tube 1 1s inserted into a blood vessel, a guide wire is inserted into the lumen 3. 

[0034] The hub 7 functions as an inlet portion through which a medical liquid is injected into the lumen 3 and an inser- 
tion opening through which the guide wire is inserted. In addition, the hub 7 serves as a grip when the catheter tube 1 
is operated. 

[0035] Rg. 2 shows a state in which a part of the catheter tube 2 is cut off near the tip thereof. As depicted in Fig. 2. 
so the essential portion 22 of the catheter tube 2 is composed of an inner tube 4 and an outer tube 6 both joined together 
via an intermediate reinforcing material layer 5. Further, the tip portion 23 extending from the essential portion 22 of the 
catheter tube 2 is composed of the inner tube 4 and the outer tube 6 joined together without Intervening the intermedi- 
ate reinforcing material layer 5 between the two tubes 4 and 6. These inner and outer tubes 4 and 6 are both formed of 
a flexible (soft) material. 

65 [0036] As the material for forming the inner and outer tubes 4 and 6, the following materials can be selectively used, 
for instance : various flexible resins such as polyolefin such as polypropylene, polyethylene, ethylen-vinyl acetate copol- 
ymer or the like; polyamlde; polyester such as polyethylene telephtalate. polybutylene telephtalate or the like; poly- 
urethane; polyvinyl chloride; polystyrene resin; fluorine-based resin such as ethylene-tetrafluoro ethylene copolymer; 
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and polyimide etc.: various elastomers such as polyamide elastomer, polyester elastomer, polyurethane elastomer, pol- 
ystyrene elastomer, fluorine elastomer, silicone rubber, latex rubber or the like; or combinations of two or more of these 
materials. 

[0037] Here, the polyamide elastomer is typically block copolymer composed of hard segment and soft segment. As 

5 the hard segment, aliphatic or aromatic polyamide such as nylon 6. nylon 64, nylon 66, nylon 610. nylon 612. nylon 46, 
nylons, nylon 11, nylon 12, N-a!koxy methyl denaturation nylon, hexamethylenediamine-isophthalic acid condensation 
copolyriier, or metaxyloyldiamine-adipic acid condensation copolymer or the like can be selectively used. As the soft 
segment, copolymer such as polyester or polyether or the like can be selectively used. Further, the polyamide elas- 
tomer includes polymer alloy of the polyamide and soft resin (polymer blend, graft polymerization, random polymeriza- 

10 tion. etc.). the polyamide softened by plasticizer, or mixtures of these. 

[0038] Further, the polyester elastomer is typically block copolymer of saturated polyester (such as polyethylene tel- 
ephtalate, polybutylene telephtalate) and polyether or polyester. In addition, the polyester elastomer also includes pol- 
ymer alloy of these materials, saturated polyester softened by plasticizer, or mixtures of these materials or the like. 
[0039] Further, the same or different materials can be used for the inner tube 4 and the outer tube 6. 

15 [0040] As described later In more detail, in the present invention, the balance in rigidity of the respective portions of 
the catheter 2 is determined by adjusting the inclination angle (or the intervals between lattice points) of a filamentous 
element 51 of a reinforcing material layer 5 at respective regions 221 , 222 and 223 of the catheter 2. Accordingly, the 
material of the inner tube 4 and the outar tube 6 is not subjected to the restriction of the physical properties (the rigidity 
and hardness, in particular), so that there is such an advantage that the material thereof can be selected from various 

20 materials. In other words, it is unnecessary to adjust the balance in rigidity of the respective portions of the catheter on 
the basis of a difference in rigidity between the materials used for the inner tube 4 and the outer tube 6, respectively 
Further, since the same material can be used for both the inner tube 4 and the outer tube 6. it is possible to facilitate 
the manufacturing process and thereby to reduce the cost thereof. 

[0041] Further, when the inner tube 4 and the outer tube 6 are both formed of the same material, it is preferable to 
25 use a relatively soft material. This is because the adjustment effect based upon change in inclination angle (or intervals 
between the lattice points) of the filamentous element 51 becomes more prominent for the rigidity of the catheter tube. 
[0042] Further, in the case where the material of the inner tube 4 is different from that of the outer tube 6, it is prefer- 
able to form the outer tube 6 of a material softer than that of the inner tube 4. in view of the facts that the outer tube 6 
is in contact with a living body when used and that the geometrical moment of Inertia of tiie outer tube 6 in its cross 
30 section (which affects rigidity of the catheter) is usually larger than that of the inner tube 4. 

[0043] When the inner tube 4 and the outer tube 6 are formed of the same material or different materials as described 
above, it is preferable that the Shore D hardness of the material used for the outer tube 6 lies from 40 to 80. 
[0044]' Further, it is also preferable to mix the material for forming the inner tube 4 or the outer tube 6 with an X-ray 
contrast medium such as metal powder of platinum, gold, tungsten or alloy of these; or barium sulfate, bismutii sulfate 
35 or coupling compound of these, in order that the position of the catheter 2 can be recognized visually under the exam- 
ination of fluoroscopy when the catheter is used. 

[0045] While in the catheter shown in Fig. 2. the inner and outer diameters of the inner and outer tubes 4 and 6 are 
illustrated to be constant, according to tiie invention however, these diameters can be changed in the longitudinal direc- 
tion of tiie catiieter 2. 

40 [0046] For instance, it is possible to decrease the outer diameters of the inner tube 4 or the outer tube 6 gradually, or 
to increase the inner diameter of the inner tube 6 gradually, toward ttie tip side of the catheter (hereinafter, referred to 
as toward tiie tip side), before and after the position at which \he inclination angle (or the Intervals between the lattice 
points) of the filamentous element 51 of the reinforcing material layer 5 (described later in more detail) changes or near 
the boundary region between the tip portion 23 and tiie first region 221 . In these cases, since the thickness of the inner 

45 tube 4 or tiie outer tube 6 decreases gradually toward the tip side, the rigidity of the catheter tube 2 can also be 
decreased continuously. 

[0047] As shown in Figs. 2, 3 and 4. tiie reinforcing material layer 5 is fbnned from the filamentous element 51 
arranged in a lattice manner. For instance, the filamentous element 51 is wound around the outer circumferential sur- 
face of ttie inner tube 4 in helical manner in two different winding directions in such a way tiiat lattice points 52 can be 

so formed at tiie intersections of the filamentous element 51 helically wound in two different directions. 

[0048] The main portion 22 of Uie catiieter tube 2 formed with the reinforcing material layer 5 is divided into tiie f irst 
region 221 , the second region 222 and tiie third region 223, respectively beginning from the tip side (from the left side 
in Fig. 3). Furtiier, tiie inclination angle of tiie filamentous element 51 witii respect to the axis of the catheter tube is 
stepwise different from each other at the respective regions 221 . 222 and 223. That is, among the inclination angles at 

55 the respective regions, there is such a relationship as represented by tiie following equation: 

81 > 02 > 63 
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where 61 denotes the inclination angle of the filamentous element 15 with respect to the axis of the catheter tube 2 at 
the first region 221 : 62 denotes the inclination angle of the filamentous element 51 at the second region 222; and 63 
denotes the inclination angle of the filamentous element 51 at the third region 223. respectively. 
[0049] In the reinforcing material layer 5, since the inclination direction of the filamentous element 51 approaches the 

5 axial direction of the catheter tube 2 at the region where inclination angle of the filamentous element 51 is relatively 
small, the reinforcing effect is increased, so that the rigidity (bending rigidity and twisting rigidity, in particular) of the 
catheter 2 can be increased. Consequently, when the inclination angles of the filamentous element 51 are changed as 
described above, it is possible to decrease the rigidity of the catheter tube in the order of the third region 223. the sec- 
ond region 222 and the first region 221 . Further, since there is no reinforcing material layer 5 at the tip portion 23, the 

10 rigidity at the tip portion 23 becomes lower than that at the first region 221 . This means that the softness of the catheter 
2 increases in order toward the tip side. 

[0050] Further, the fact that the inclination angle of the filamentous element 51 increases continuously or stepwise 
toward the tip side of the catheter tube 2 means the fact that the respective intenreils between the lattice points 52 of the 
filamentous element 51 in the axial direction of the catheter (refen-ed to as lattice point intervals.- hereinafter) decreases 
15 continuously or in a stepwise manner toward the tip side of the catheter 2. Therefore, among the lattice point intervals 
at the respective regions, there is such a relationship as represented by the following equation: 

al > a2 > a3 

20 where al denotes the lattice point intervals of the filamentous element 5 at the first region 221 ; a2 denotes the lattice 
point intervals of the filamentous element 5 at the second region 222; and a3 denotes the lattice point inten/als of the 
filamentous element 5 at the third region 223. respectively 

[0051] The lengths of the first region 221 , the second region 222 and the third region 223, and the inclination angles 
01 , 02 and 63, and the lattice point intervals al , a2 and a3 are all not limited, respectively. In the case where the catheter 
25 tube of the present invention would be applied to a blood vessel catheter, in particular to an angiography catheter as 
shown in Fig. 1 . the respective values are preferably set in the following ranges: 

[0052] The lengths of the first region 221 and the second region 22 in the axial direction are from 50 to 300 mm, 
respectively, but the length of the third region 223 (from the base end portion to the second region 222 in the whole 
length of the catheter tube) is different according to the kinds of the catheter and therefore not limited thereto. 
30 [0053] The inclination angles 61 . 62 and 63 are about from 40' to 50°, from 40** to 45^ and from 35* to 40°, respec- 
tively 

[0054] The lattice point intervals al , a2 and a3 are from 0.2 to 0.4 mm, from 0.5 to 0.7 mm, and from 0.8 to 1 .0 mm, 
respectively 

[0055] When the above-mentioned ranges are adopted, the catheter tube 2 can be well balanced in rigidity at the 
35 respective portions, so that it is possible to realize the effects of the present invention described hereinbelow more 

effectively 

[0056] Further, in the embodiment shown in the drawings, the reinforcing material layer 5 is provided for the catheter 
2 except the tip portion 23. Therefore, due to such an arrangement, there is such an effect that the tip portion 23 is softer 
than the inner tube 4 and the outer tube 6 so as to be bendable more easily Without being limited thereto, however. 

40 there is no problem even if the reinforcing material layer 5 is provided for the bp portion 23 of the catheter tube 2. 
[0057] In this connection, it should be noted that in the catheter according to the present invention, the object and the 
position for and at which the rigidity (or softness) of the catheter tube is adjusted by changing the inclination angle of 
the filamentous element 51 and the lattice point intervals are not limited to only the above-mentioned desaiptions. For 
instance, in the case of a catheter tube 8 formed with a curved portion 80 at which the tip portion is bent into a hook 

45 shape, as shown in Fig. 5, the bent portion 8 is divided into a first region 81 , a second region 82 and a third region 83. 
respectively beginning from the tip portion thereof. In this example, the rigidity of the second region 82 (conresponding 
to a neck portion at which a stress is likely to be concentrated) is determined to be larger than those of the other first 
and third regions 81 and 83. so that the bent shape of the whole curved portion 80 can be maintained stably 
[0058] Any material can be used for the filamentous element 5 1 of the reinforcing material layer 5, as far as the rigidity 

so is large enough to provide a sufficient reinforcing effect to the catheter. For example, the following materials can be 
selectively used: various metallic materials such as stainless steel, copper, tungsten, nickel, titanium, piano wire, sup- 
perelastic alloy such as Ni-Tl alloy. Ni-Ti-Co alloy Ni-AI alloy. Cu-Zn alloy. Cu-Zn-X alloy (e.g.. X = Be, Si, Sn. Al. Ga). 
or amorphous alloy or the like; various polymers such as polyester such as PET (polyethylene telephtalate), PBT (poly- 
butylene telephtalate), polyolefin such as polyethylene and polypropylene and so forth, hard polyvinyl chloride, polya- 

55 mide, polyimide, polystyrene, thermoplastic polyurethane. polycartwnate, ABS resin, acrylic resin, PMMA (polymethyl 
methacrylate). PA (polyacetal). polyaaylate. POM (polyoxymethylene). high tension polyvinyl alcohol, fluorine resin. 
PVdF (polyvinydelin fluoride), polytetra f luoroethylene, EVOH (ethylene-vinyl acetate saponlf icatfon), polysulfone. pol- 
yethersulfone, polyether ketone, polyphenylene oxide or polyphenylen sulfide or the like; or polymer alloy containing 
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one or more of these polymers; carbon fiber; glass fiber; or a combination of two or more of above mentioned materials. 
In these materials, stainless steel and PET are particularly preferable from the standpoints of machinability or workabil- 
ity, economics and non-poisonous characteristics. 

[0059] Further, the filamentous element 51 is formed from a single fiber or an aggregate of fibers (e.g.. a stand of 

5 fibers) of the above-mentioned material. 

[0060] Further, the thickness of the filamentous element 51 is determined to such an extent that a sufficient reinforcing 
effect can be obtained with reference to each of the adopted materials. In the case where the metallic material is 
adopted, it is preferable to determine the diameter thereof to be from 30 to 50 \um. Further, the filamentous element 51 
can be formed by using a single wire or by bundling a plurality of wires. 

10 [0061 1 In the above embodiment, the filamentous element 51 can be formed from a single fiber or bundled many fib- 
ers. Further, the reinforcing material layer can be formed from a single continuous filamentous member or from more 
that two filamentous members. 

[0062] According to the catheter assembly 2 having the catheter tube 2 as described above, the following advantages 
can be obtained: The bending elastic modulus of the catheter tube 2 can be well balanced at the respective portions 
15 thereof. In particular, a sufficient rigidity can be obtained at the third region 223, so that excellent pushing characteris- 
tics and torque transmission characteristics can be realized. Further, excellent follow-up to the guide wire characteris- 
tics can be obtained at the first and second regions 221 and 222, so that stimulatfon applied against the inner wall of 
the blood vessel can be extremely reduced, and in addition, excellent Wnk-resislant characteristics can also be 
obtained. 

20 [0063] Further, in the embodiment shown in Rgs. 3 and 4, the inclination angles or the lattice point intervals of the 
filamentous element 51 are changed into three different stages at the first, second and third regions 221 , 222 and 223 
of the catheter tube 2, respectively. Without being limited, however, the inclination angles or the lattice point intervals 
thereof can be changed into two stages or four or more stages. Further, It is also possible to change the Inclination 
angles or the lattice point intervals continuously or steplessly. 
25 [0064] In the catheter tube according to the present invention, it is preferable that the outer surface of the catheter 
tube 2 is covered with a hydrophilic (or water-soluble) high-molecular substance (not shown). This Is because when the 
outer surface of the catheter tube 2 is in contact with blood or physiological saline solution, the frictional coefficient is 
reduced due to such a substance and thereby the lubrication can be improved, so that the movability or the slidability 
of the catheter tube 2 can be further Impraved. As a result, the pushing, follow-up. Wnk-resistant and safety character- 
so istics can be further improved. 

[0065] As the hydrophilic high-molecular substance, the following substances can be selectively used: natural or syn- 
thetic high-molecular substance, or the derivative thereof. In particular, the following substance is preferable because a 
low frictional coefficient can be obtained stably: cellulose based high-molecular substance (e.g.. hydroxyprophyl cellu- 
lose), polyethylene oxide based high-molecular substance (e.g.. polyethylene glycol), anhydrous maleic acid based 
35 high-molecular substance (e.g.. anhydrous maleic acid copolymer such as methyvinylether-anhydrous maleic acid 
copolymer), acrylic amide based high-molecular substance {e.g.. polyacrylicamide), water-soluble nylon (e.g.. AQ- 
nylon P-70, made by TORAY Industries. Inc.. Japan). 

[0066] Further, the derivative for the above-mentioned high-molecular substances is not limited to only the water-sol- 
uble substance. Non water-soluble substances can be used, as far as the substance has the above-mentioned water- 
40 soluble high-molecular substance as the basic composition; the molecular chains thereof are free; and the substance 
has water absorption characteristics. 

[0067] In order to form a coating layer of the above-mentioned hydrous high-molecular substance on the outer surface 
of the catheter tube 2, it is preferable to covalent-bond the above-mentioned substance with a reactive functional radical 
existing on the surface of the outer tube 6 or introduced into the outer tube 6. By the above-mentioned covalent bonding, 

45 it is possible to obtain a stable lubricating surface on the circumferential surface of the outer tube 6. 

[0068] As the reactive functional radical applied to the surface of or introduced into the outer tube 6. any radicals can 
be used, as far as the radical is reactive with the above-mentioned high-molecular substance and fixed thereto by bond- 
ing or bridging. The preferable radicals or groups are as follows: diazonium radical, azido radical, isocyanate radical, 
acid chloride radical, acid anhydride radical, imino carbonate radical, amino radical, carboxyl radical, epoxy radical. 

so hydroxyl radical, akiehyde radical, etc. In particular, Isocyanate radical, amino radical, aldehyde radical, and epoxy rad- 
ical are preferable. 

[0069] A preferred example of the method of manufacturing the catheter tube according to the present invention will 
be described hereinbelow. 

[0070] First, the inner tube 4 is formed in accordance with the conventional method. Thereafter, the filamentous ele- 
ss ment 51 Is wound around the outer circumferential surface of the inner tube 4 in spiral fashion. An apparatus so called 
as a braider (not shown) is for example used in order to perform the winding. A filamentous element 51 is fed thereto 
from a supply device of the apparatus, while the inner tube 4 is shifted or moved in the axial direction thereof and further 
rotated about the axis thereof both relative to the filamentous element supply device. By doing so, the filamentous ele- 
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ment 51 can be wound continuously around the outer circumferential surface of the inner tube 4. 
[0071] In this process, the winding start position of the filamentous element 51 is determined for example at the 
boundary part between the tip portion 23 and the first region 221 and the inner tube 4 is rotated at a constant speed. 
Under the condition, if the movement speed of the inner tube 4 in the first (leftward) axial direction thereof Is increased 

5 gradually in the order of positions of the first region 221 , the second region 222 and the third region 223, it is possible 
to obtain the inclination angles 91 . 62 and 63 of the filamentous element 51 as disclosed before. 
[0072] After the filamentous element 51 has been wound onto the base end portion 21 by moving the Inner tube 4 in 
the first axial direction of the catheter tube 2, the inner tube 4 is then moved In a second (rightward) axial direction, while 
the inner tube 4 is kept rotated and the filamentous element 51 is kept fed. and then being stopped at the winding start 

10 position. By performing these operations, the filamentous element 51 is wound crosswise around the inner tube 4. In 
the above-mentioned movement of the inner tube 4 in the second axial direction, the movement speed thereof is 
decreased gradually in the order of positions of the third region 223, the second region 222 and the first region 221 . 
[0073] Further, it is preferable that the absolute movement speed of the inner tube 4 over the respective regions 221 , 
222 and 223 is determined so as to be equal to each other in the two opposite (first and second) axial directions. By 

IS doing so, it is possible to obtain the same inclination angles 61 . 62 and 63 or the same lattice point intervals a1 . a2 and 
a3 of the filamentous element 51 at the respective regions 221 , 222 and 223. when the inner tube 4 is moved in both 
the axial directions. 

[0074] Further, it is possible to determine the winding start position of the filamentous element 51 at the base end 21 
of the catheter tube 2. Furthermore, in the above-mentioned example, although the rotative speed of the inner tube 4 
20 is kept constant. However, even if the rotative speed of the Inner tube 4 is changed in sequence at the first region 221 . 
the second region 222 and the third region 223. respectively, while keeping the movement speed of the inner tube 4 at 
a constant value, the same inclination angles 61 , 62 and 63 or the same lattice point intervals a1 , a2 and a3 of the fila- 
mentous element 51 can be obtained at the respective regions 221 , 222 and 223. 

[0075] Further, the same results can be obtained when the inner tube 4 is moved in both the axial directions two or 

25 more time, without being limited to only one reciprocal movement of the inner tube 4. Further, the number of filamentous 
elements 51 to be wound around the inner tube 4 is not limited to only one. It is also possible to wound a plurality off the 
filamentous elements 51 bundled together around the inner tube 4. Furthermore, it is also possible to wind around the 
inner tube 4 a plurality of filamentous elements 51 which are spaced away from each other at predetermined intervals 
In the axial direction of the catheter tube 2. 

30 [0076] Further, the same results can be obtained by moving the inner tube 4 in only one direction (e.g., from the base 
end portion 21 to the tip portion 23) several times and by changing the rotational direction of the inner tube 4 such that 
the filamentous element 51 can be wound around the inner tube 4 in a Intersectional manner. 
[0077] Further, in the above-mentioned embodiment, the method in which the inner tube 4 is rotated and further 
moved in the axial direction thereof is adopted. Without being limited thereto, however, the same results can be 

35 obtained as far as the filamentous element supply device is rotated and further moved in the axial direction of the inner 
tube 4, relative to the inner tube 4. Therefore, the following modified combinations can be considered: (1) the inner tube 
4 is rotated, and the filamentous element supply device is moved in the axial direction of the Inner tube 4; (2) the inner 
tube 4 is moved in the axial direction thereof, and the filamentous element supply device is rotated around the outer 
circumferential surface of the inner tube 4; (3) the inner tube 4 is fixed, and the filamentous element supply device is 

40 rotated around the outer circumferential surface of the inner tube 4 and further moved In the axial direction of the inner 
tube 4; and (4) other appropriate combination of these method. Further, it is also possible to adopt the two different 
movement methods when any one of the inner tube and the filamentous element supply device is moved In both the 
first and second directions. 

[0078] In accordance with the methods of forming the reinforcing material layer 5 as described above, it is possible to 
45 deterntine the lengths and the inclination angles 61 . 62 and 63 (i.e.. the lattice point intervals a1 . a2 and a3) of the fila- 
mentous element 51 to any desired values at the respective regions 221 . 222 and 223, by appropriately adjusting only 
the relative movement speed and the relative rotational speed between the Inner tube 4 and the filamentous element 
supply device. In other words, the rigidity of the catheter tube 2 can be adjustably determined to any desired value 
under well balanced conditions at the respective regions, so that it is possible to manufacture the various catheters 
so which are suitable for various objects and various cases of diseases. 

[00791 Further, since the inclination angles (i.e., lattice point intervals) of the filamentous element 51 can be changed 
continuously along the axial direction of the catheter tube 2 by only changing the relative movement speed and the rel- 
ative rotational speed between the inner tube 4 and/or the filamentous element supply device continuously, it is possible 
to easily manufacture such a catheter tube in which the Inclination angle of the filamentous element 51 can be changed 
55 continuously. 

[0080] After the reinforcing material layer 5 is formed on the outer circumferential surface of the inner tube 4 as 
described above, the outer circumferential surface thereof is further covered by an outer tube 6. In this case, the outer 
tube 6 Is joined with the Inner tube 4 in such a way that the Inner circumferential surface of the outer tube 6 is brought 
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into tight contact with the outer circumferential surface of the inner tube 4 and the filamentous element 51 . The joining 
methods of both elements are for Instance as follows: the two tubes are bonded each other with the use of a bonding 
agent or a solvent; fused each other (e.g., thermal fusion, high-frequency fusion, etc.); connected each other by shrink- 
age after the inner tube 4 has been inserted into the heated or expanded (by solvent) outer tube 6; or alternatively the 
5 outer tube 6 is formed on the outer circumferential sur^ce of the inner tube 4 by coating a melted or liquefied outer tube 
material and thereafter by solidifying the outer tube material through cooling or solvent renfioving treatment 
[0081 ] Thereafter, the outer surface of the outer tube 6 is covered with a hydrophilic high-molecular substance If nec- 
essary, and further the hub 7 is attached to the base end portion 21 of the catheter tube 2 according to the present 
invention to complete the catheter assembly 1 . 

10 

[Example 1] 

[0082] A practical example of the catheter tube according to the present invention will be described hereinbelow. 
[0083] The catheter tube for use of angiography as shown in Figs. 1 to 4 was manufactured in accordance with the 
IS manufacturing method as already explained. The conditions at the respective portions are as follows: Further, the 
braider was used to form the reinforcing material layer. 


20 


25 


30 


35 


40 


Total length of catheter: 
Length of first region 221 : 
Length of second region 222: 
Length of third region 223: 
Length of tip portion 23: 
Outer diameter of outer tube 6: 
Outer diameter of inner tube 4: 
Inner diameter of inner tube 4: 
Material of outer tube 6: 
Material of Inner tiibe 4: 
Outer surface of outer tube 6: 
Material of filamentous element 51 : 
Diameter of filamentous element 51 : 
Inclination angles 01 . 82 and 03: 
Lattice point intervals a1 , a2 and a3: 


1000 mm 
125 mm 
125 mm 
650 mm 
100 mm 
1.7 mm 
1.5 mm 
1.1 mm 

Polyurethane mixed with contrast medium (Shore D hardness « 

TTie same as outer tube 6 

Coated with anhydrous maleic acid copolymer 

Stainless steel (SUS 316) 

50 ^m 

Listed in Table 1 
Listed in Table 1 


65) 


[0084] In order to test the rigidity of this catheter tube at the respective positions, a jig 1 0 as shown in Rg. 6 was used. 
In test, the first region 221 (extended into a straight line) of the catheter 2 was mounted between two edges 12 and 13 
(the interval between the edges = 1 inch) of a base 1 1 of the jig 10. Under the condition, the middle portion of the first 
region 221 is pushed downwardly by 2mm with another edge 14, and a load required to push the middle portion was 
measured. The same measuring was conducted to the tip portion 23, the second and third regions 222 and 223. 
respectively. These test results are listed in Table 1 . Further, the test was made at room temperature (about 20*G) and 
under a fixed temperature (37**C roughly near the body temp.) 


TABLE 1 



Tip portion 23 

First region 221 

Second region 222 

Third region 223 

Inclination angles 


01=50° 

02=44*^ 

03=37° 

Lattice point intervals 


a1 =0.4mm 

a2=0.6mm 

a3=0.8mm 

At room temp(20°C) 

28.5g 

33.3g 

40.5g 

77.0g 

Under a fixed temp (37'>G) 

16.0g 

17.8g 

23.5g 

51 .4g 


[0085] As listed in Table 1 , it has been confirmed that the bending elastic modulus of the catheter tube decreases in 
accordance with increase of the inclination angle or decrease of the lattice point interval of the filamentous element 51 
55 toward the tip of the catheter tube 1 . 
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[Example 2] 

[0086] A catheter tube which is the same as that of Example 1 excepting that the filamentous element 51 was formed 
by a tungsten wire with a diameter of 50 ^im was manufactured and measurement was made in the same way. The 
5 ol>tained test results are the same as in Table 1 , and it has been confirmed that the bending elastic modulus of the cath- 
eter tube deaeases in accordance with increase of the inclination angle or decrease of the lattice point interval of the 
filamentous element 51 toward the tip of the catheter tube. 

[Example 3] 

10 

[00871 Catheter tubes which are the same as those of Examples 1 and 2. excepting that the outer diameter of the 
outer tube 6 was decreased gradually from the second region 222 to the tip of the catheter tube 2 (the outer diameter 
of the catheter tip: 1.6 mm), were manufactured and measurement was made in the same way. The obtained test 
results are the same as in Table 1. and it has been confirmed that the bending elastic modulus of the catheter tube 
15 decreases In accordance with increase of the inclination angle or decrease of the lattice point interval of the filamentous 
element 51 toward the tip of the catheter tube. 

[Example 4] 

20 [0088] Catheter tubes which are the same as those of Examples 1 to 3, excepting that the material of the inner tube 
4 was polyamide elastomer (Shore D hardness = 55) and the material of the outer tube 6 was polyamide elastomer 
(Shore D hairiness = 40), were manufactured and measurement was made in the same way. The obtained test results 
are the same as in Table 1 . and it has been confirmed that the bending elastic modulus of the catheter tube decreases 
in accordance with increase of the inclination angle or decrease of the lattice point interval of the filamentous element 

85 51 toward the tip of the catheter tube. 

Claims 

1. A catheter tube (1) having a longitudinal axis, a first end for attachment to a hub (7) and a tip portion (23) at an 
30 opposite end thereof, comprising: 

a flexible inner tube (4); 

a flexible outer tube (6) provided around said inner tube (4); and 

35 

a reinforcing material layer (5) arranged between said inner and outer tubes (4 . 6). said reinforcing material 
layer (5) having a front side thereof adjacent to said tip portion of the catheter tube, wherein said reinforcing 
material layer (5) is formed by arranging at least one filamentous element (51) in a lattice manner, the inclina- 
tion angles of the filamentous element (51) with respect to the axis of the catheter tube (1) changing continu- 

40 ously or in a stepwise manner along the axial direction, characterized in that the change of inclination angles 

of the filamentous element (51) is made so as to form one section (221) thereof located toward the tip portion 
(23) in which the inclination angle is relatively large and another section (222, 223) thereof in which the incli- 
nation angle is relatively small, whereby bending rigidity of the catheter tube (1) at said one section (221) of 
said reinforcing material layer (5) is smaller in comparison with that of the catheter tube at said other section 

45 (222, 223) of said reinforcing material layer (5): 

said reinforcing material layer (5) is arranged excepting said tip portion for Imparting appropriate rigidity to the 
catheter tube (1); 

50 said one section (221 ) of said reinforcing material layer (5) is located at least at the front side of said reinforcing 

material layer (5); and 

the thickness of said outer tube (6) and/or said inner tube (4) decreases gradually toward the tip portion of said 
catheter tube near the tip portion of said reinforcing material layer. 

55 

whereby the bending rigidity of the catheter tube is continuously reduced toward said tip portion thereof. - 

2. The catheter tube as claimed in daim 1 . wherein said inner and outer tubes are formed of the same material. 
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3. The catheter tube as claimed in claim 2, wherein said cathether tube has an outer surfece thereof, and the outer 
surface of said catheter is covered with a hydrophilic high-molecular substance. 

4. The catheter tube as claimed in claim 1 . wherein at least said outer tube is formed of a soft material. 

5 

5. The catheter tube as claimed in claim 4. wherein said catheter tube has an outer surface thereof, and the outer sur- 
face of said catheter tube is covered with a hydrophilic high-molecular substance. 

6. A method of manufacturing a catheter tube (1 ) having a longitudinal axis, a first end for attachment to a hub (7) and 
10 a tip portion (23) at an opposite end thereof, said catheter tube (1) being manufactured by forming a reinforcing 

material layer (5) on an outer circumference of a flexible inner tube (4) and then covering said inner tube (4) and 
said reinforcing material layer(5) with a flexible outer tube (6)in such a way that said reinforcing material layer (5) is 
an-anged between said inner and outer tubes (4 , 6) wherein said reinforcing material layer (5) is formed by winding 
at least one filamentous element supplied by a filamentous element (51) supply device in helical manner around 
15 the outer circumference of said inner tube (4). CHARACTERIZED IN THAT 

winding direction of the filamentous clement is changed to form lattice points at which the filamentous element 
(5) wound in two different directions is crossed each other, wherein a relative movement speed and/or a rela- 
tive rotational speed between said inner tube (4) and the filamentous element supply device is changed so as 
20 to change inclination angle of the filamentous element with respect to an axis of the catheter tube continuously 

or stepwise along the axial direction of the catheter tube, thereby forming one section (221) thereof in which 
the inclination angle is relatively large and another section (222. 223) thereof in which the inclination angle is 
relatively small; 

said reinforcing material layer (5) is formed so as to be anranged excepting said tip portion for imparting appro- 

25 priate rigidity to the catheter tube (1); 

said one section (221) of said reinforcing material layer (5) is formed so as to be located at least at a front side 
of said reinforcing material layer (5) which is adjacent to said tip portion of the catheter tube; and 
said inner and/or outer tubes are formed so that a thickness of said outer tube (6) and/or said inner tube (4) 
decreases gradually toward the tip portion of said catheter tube near the tip portfon of said reinforcing material 

30 layer. 

whereby the bending rigidity of the catheter tube is continuously reduced toward said tip portion thereof. 
PatentansprOche 

35 1. Katheterrohr (1) mit einer LSngsachse. einem ersten Ende zum Befestigen an einem verbindungsstuck (7) und 
einem Spitzenteil (23) an dessen gegenQberliegendem Ende, umfassend: 

ein flexibles. inneres Rohr (4); 

ein flexibles, duBeres Rohr (6). das um das innere Rohr (4) vorgesehen ist; und 
40 eine Schicht (5) aus verstarkendem Material, die zwischen dem inneren und SuBeren Rohr (4, 6) angeordnet 

sind. wobei die Schicht (5) aus verstarkendem Material eine Vorderseite neben dem Spitzenteil des Katheter- 
rohres aufweist, wobei die Schicht (5) aus verstarkendem Material durch Anordnen wenigstens eines faden- 
fOrmigen Elementes (51) in gitterfdrmiger Weise gebildet ist, wobei sich die Neigungswinkel des 
fadenfOrmigen Elementes (51) mit Bezug zur Achse des Katheterrohres (1) kontinuierlich Oder in schrittweiser 
45 Art entlang der Axialrichtung flndern, dadurch gekennzeichnet, daS die Anderung der Neigungswinkel des 

fadenfOrmigen Elementes (51) so gestaltet ist. da(3 ein Abschnitt (221) davon. der in Richtung zum Spitzenteil 
(23) hin angeordnet ist. In dem der Neigungswinkel relativ groB ist. und ein weiterer Abschnitt (222, 223) davon 
gebildet wird, in dem der Neigungswinkel relativ Wein ist, wobei die Biegesteifigkeit des Katheterrohres (1) im 
einen Abschnitt (221) der Schicht (5) aus verstarkendem Material im Vergleich zu jener des Katheterrohres im 
50 weiteren Abschnitt (222, 223) der Schicht (5) aus verstarkendem Material Weiner ist; 

wobei die Schicht (5) aus verstarkendem Material mit Ausnahme des Spitzenteils angeordnet ist. um dem 
Katheterrohr (1) eine geelgnete Steifigkeit zu verleihen; 

wobei der eine Abschnitt (221) der Schicht (5) aus verstarkendem Material wenigstens an der Vorderseite der 
Schicht (5) aus verstarkendem Material angeordnet Ist; und 
55 wobei die DIcke des auBeren Rohres (6) und/oder des inneren Rohres (4) zum Spitzenteil des Katheterrohres 

hin nahe dem Spitzenteil der Schicht aus verstarkendem Material nach und nach abnimmt, 
wobei die Biegesteifigkeit des Katheterrohres zu dessen Spitzenteil hin kontinuierlich verringert ist 
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2. Katheterrohr nach Anspruch 1 , bei dem das innere und duBere Rohr aus dem gteichen Material gebiidet sind. 

3. Katheterrohr nach Anspruch 2. bei dem das Katheterrohr eine AuBenf lache hat und die AuBenf lache des Katheters 
mit einer hydrophilen, hochmolekularen Substanz Gberzogen ist. 

4. Katheterrohr nach Anspruch 1 , bei dem wenigstens das duBere Rohr aus weichem Material gebiidet ist. 

5. Katheterrohr nach Anspruch 4, bei dem das Katheterrohr eine AuBenflftche aufweist und die AuBenfiache des 
Katheterrohres mit einer hydrophiten, hochmolekularen Substanz Qberzogen ist. 

6. Verfahren zum Herstellen eines Katheterrohres (1) mit einer Ungsachse. einem ersten Ende zum Befestigen an 
einem Verbindungsstuck (7) und einem Spitzenteil (23) an dessen gegenuberliegendem Ende, wobei das Kathe- 
terrohr (1) durch Bilden einer Schicht (5) aus verstarkendem Material an einem AuBenumfang eines flexiblen. inne- 
ren Rohres (4) und dann Oberziehen des inneren Rohres (4) und der Schicht (5) aus verstarkendem Material mit 
einem flexiblen. SuBeren Rohr (6) in der Art hergestellt wird, daB die Schicht (5) aus verstarkendem Material zwi- 
schen dem inneren und auBeren Rohr (4, 6) angeordnet ist, wobei die Schicht (5) aus verstarkendem Material 
durch Wickein wenigstens eines fadenffirmigen Elementes, das von einer Zufuhrvorrichtung fOr das fadenfOrmige 
Element (51) zugefQhrt wird, in schraubenfCrmiger Art um den AuBenumfang des inneren Rohres (4) gebiidet wird, 
dadurch gekennzeichnet, daB 

die Wickelrichtung des fadenfOrmigen Elementes geandert wird, um Gltterpunkte zu bilden, an denen sich das 
in zwei unterschiedliche Richtungen gewickelte, fadenfOrmige Element (51) kreuzt, wobei eine Relativbewe- 
gungsgeschwindigkeit und/oder eine Relativrotationsgeschwindigkeit zwischen dem inneren Rohr (4) und der 
ZufOhrvorrichtung fOr das fadenfOrmige Element geandert wird, um den Neigungswinkel des fadenfOrmigen 
Elementes mit Bezug zu einer Achse des Katheterrohres kontinuierlich oder schrittweise entlang der Axialrich- 
tung des Katheterrohres zu andern, wodurch ein Abschnitt (221) davon. in weichem der Neigungswinkel relativ 
grofi ist. und ein weiterer Abschnitt (222. 223) davon gebiidet wird, in weichem der Neigungswinkel relativ Wein 
ist; 

wobei die Schicht (5) aus verstarkendem Material so gebiidet ist, daB sie mit Ausnahme des Spitzenteiles 
angeordnet ist. um dem Kathetenrohr (1) die geeignete Steifigkeit zu verleihen; 

wobei der eine Abschnitt (221) der Schicht (5) aus verstarkendem Material so gebiidet ist. daB er wenigstens 
an der Vorderseite der Schicht (5) aus verstarkendem Material, welche dem Spitzenteil des Katheterrohres 
benachbart ist, angeordnet ist; und 

wobei das innere und/oder auBere Rohr so gebiidet ist, daB eine Dicke des auBeren Rohres (6) und/oder des 
inneren Rohres (4) nach und nach zum Spitzenteil des Katheterrohres hin bis nahedem Spitzenteil der Schicht 
aus verstarkendem Material abnimmt; 

wobei die Biegesteifigkeit des Katheterrohres kontinuierlich zu deren Spitzenteil hin ven^ingert ist. 
Revendlcatlons 

1 . Tube (1) de catheter comportant un axe longitudinal, une premiere extr6mit6 pour la fixation a un manchon (7) et 
une partie distale (23) en son autre extr^mitd, comprenant : 

un tube int6rieur souple (4); 

un tube ext^rieur souple (6) dispose autour dudit tube int^rieur (4); et 

une couche de mat6riau de renfort (5) agenc6e entre lesdits tubes int6rieur et ext6rieur (4. 6). ladite couche 
de mat^riau de renfort (5) comportant une face avant adjacente k ladite partie distale du tube de catheter, dans 
lequel ladite couche de mat6riau de renfort (5) est fbrm6e en disposant au moins un 6l6ment filamenteux (51) 
en treillis. I'angle d'inclinaison de r6l6ment filamenteux (51) par rapport a I'axe du tube (1) de catheter chan- 
geant en continu ou par paliers dans la direction axiale. caract6ris6 en ce que le changement d'angle d'incli- 
naison de r6l6ment filamenteux (51) est r6alis6 de fagon a former un premier trongon (221) situ6 pr6s de la 
partie distale (23) dans lequel Tangle dinclinaison est relativement grand et un autre fronton (222. 223) dans 
lequel I'angle d'inclinaison est relativement petit, grace k quoi la rigidity en flexion du tube (1) de cath6ter dans 
ledit premier trongon (221) de ladite couche de mat6riau de renfort (5) est plus petite que celle du tube de 
catheter dans ledit autre trongon (222, 223) de ladite couche de mat6riau de renfort (5); 
ladite couche de mat6riau de renfort (5) est agenc6e, excepts dans ladite partie distale. pour donner une rigi- 
dity appropri^e au tube (1) de catheter; 

ledit premier trongon (221) de ladite couche de mat6riau de renfort (5) est situ6 au moins du c6t6 ant6rieur de 
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ladite couche de mat6riau de renfort (5); et 

r6paisseur dudit tube ext§rieur (6) et/ou dudit tube Int6rieur (4) diminue graduellement vers la partie distale 

dudit tube de catheter pr^s de la partie distale de ladite couche de mat^riau de renfort, 

gr&ce t quo! la rigldit6 en flexion du tube de cath6ler est continQment r6duite vers ladite partie distale du tube. 

2. Tube de cath§ter selon la revendlcation 1 , dans lequel lesdits tubes int6rieur et ext6rieur sont faits du m§me mat6- 
riau. 

3. Tube de catheter selon la revendication 2. dans lequel ledit tube de cath6ter comporte une surface extdrieure, et la 
surface ext6rieure dudit catheter est recouverte d'une substance inacro-moI6culaire hydrophile. 

4. Tube de cath6ter selon la revendication 1 , dans lequel au moins ledit tube ext6rieur est fait d'un mat6riau mou. 

5. Tube de catheter selon la revendication 4. dans lequel ledit tube de catheter comporte une surface ext6rieure. et la 
surface ext6rieure dudit tube de catheter est recouverte d'une substance macro-mol6cuIaire hydrophile. 

6. Proc6d6 de fabrication d'un tube (1) de cathdter comportant un axe longitudinal, une premiere extr6mit6 pour la 
fixation k un manchon (7) et une partie distale (23) en son autre extr6mit6. ledit tube (1) de catheter 6tant 1abriqu6 
en formant une couche de mat6riau de renfort (5) sur une circonf6rence ext§rieure d'un tube int6rieur souple (4) 
puis en recouvrant ledit tube int6rieur (4) et ladite couche de mat6riau de renfort (5) d'un tube ext6rieur souple (6) 
de telle sorte que ladite couche de mat6riau de renfort (5) solt disposes entre lesdits tubes int6rieur et ext6r ieur (4, 
6). dans lequel ladite couche de mat6riau de renfort (5) est form6e en enroulant en h61ice au moins un 6l6ment 
filamenteux d6livr6 par un dispositif d'amen6e d'6l6ment filamenteux (51) autour de la circonf6rence ext6rleure 
dudit tube int6rieur (4), 

caract6ris6 en ce que ia direction d'enroulement de r6I6ment filamenteux est chang6e pour former des points de 
treillis en lesquels les deux directions d'enroulement de r616ment filamenteux (5) se croisent, dans lequel une 
Vitesse de mouvement relatif et/ou une vitesse de rotation relative entre ledit tube int6rieur (4) et le dispositif d'ame- 
n^e d'6l6ment filamenteux est chang6e af in de changer I'angle d'inclinaison de r6l6ment filamenteux par rapport k 
un axe du tube de catheter en continu ou par paliers dans la direction axiale du tube de cath6ter, formant ainsi un 
troncon (221) dans lequel I'angle d'inclinaison est relativement grand et un autre trongon (222, 223) dans lequel 
I'angle d'inclinaison est relativement petit; 

ladite couche de mat6riau de renfort (5) est fbrm6e de fagon k §tre agenc6e. excepts dans ladite partie distale. 
pour donner une rigidit6 appropri6e au tube (1) de cath6ter; 

ledit premier trongon (221) de ladite couche de mat6riau de renfort (5) est form6 de fagon k §tre situ6 au moins 
du c6t6 ant6rieur de ladite couche de mat6riau de renfort (5) qui est adjacente k ladite partie distale du tube 
de catheter; et 

lesdits tubes int6rieur et/ou ext6rieur sont form§s de fagon que l'6paisseur dudit tube ext6rieur (6) et/ou dudit 
tube int6rieur (4) diminue graduellement vers la partie distale dudit tube de cath6ter pr6s de la partie distale 
de ladite couche de mat^riau de renfort. 

grace k quo! la rigidity en flexion du tube de catheter est continOment r6duite vers ladite partie distale du tube. 
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FIG- 2 



FIG. 4 
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